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Purpose of PHENIX TOF

« Hadron measurement / Particle Identification
(PID)
— Charged hadrons (n/K/p/d)

— From low p+ to high p-.
* Intrinsic timing resolution At ~ 80 — 100 ps (design value).

« PID capability, assume 4 sigma separation at the flight path
of 5m.
— n/K separation up to p; ~ 2.4 GeV/c
— K/p separation up to p; ~ 4 GeV/c
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Basics

PHENIX High Resolution TOF s PHENIX High Resolution TOF

ot AutAu \'s = 200 A GeV s i Au+AuNs = 200 A GeV|
3 T K P

§

K . E [ i

charge/Momentum [(GeV/c) '1]
N
|

1
=
— —
O [=]
charge*Momentum [GeV/c]
-t -]
1 |
— —
O Ow

0_— |
\__H d 10 B & n 10
-2 ._ -1 = ’ =
-4 K P . 2
- uy - i 1
E 3 - K =
-6 i : : dee L4
_IIII]IIIIlIIIIlIIII|IIII|IIII|IIII|IIII|IIII|IIII I _4I|IIIlIIIIIIIlIII|III|III|III|III
10 15 20 25 30 35 40 45 50 55 60 0.2 0 0.2 04 06 08 1
Time of Flight [ns] Mass squared [(Ge\Hc 2) ]

L Lyp*+m?
C,B C p
m PHENIX Focus 4

PEEENIX TOF group

>m—p()1



Where is it ?

PHENIX Detector
e East Arm

— Sector0 &1

— 5 meter from vertex.

* Acceptance
— A =7/4
— In| < 0.35

¢ Segmentation

— Keep the occupancy < 10 %

» Lose timing information by
double hit.

— dN,,/dy ~ 1500
- 1000 segments.

- ~ 100 cm?/segment at 5
m from vertex.

Beam View

TOF
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Hardware design
(1) Panel

* “Panel’
— TOF consists of 10 panels.

— 8 panels are located on
sector 1 and 2 panels on
sector 0.
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Honeycomb
Structure
(paper)

Aluminum Frame
on the ends

Material Components (L L (mm)
fem) Lrap (70) « TOF Panel

sy)T(S|de,Dy,ln (S)|3(()82.(;L)2.7)+Fe(1.6)+AI2 3;56+0.4+O. 3.8 _ 157 * 192 * 49 Cm3

h-metal P70 Lo e — Mechanical structure

PMT support Lucite(34.4) 8 2.32 . Honeycomb + Carbon fiber
Scintillator Plastic(42.4) 15.1 3.56 .

(Light guide) Lucite(34.4) (23.3) (6.77) sheet for supporting

Honey Comb Carbon(18.8) 6.35 3.37 StrUCture Wlth “nO maSS”'
TOTAL 18.7
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Hardware design

Panel

T

(i) Slat

= 95 [upper)

(upper )

PR

NN

il

LI

| ot

(R (lower]
SALELLA LR
oOoOOHaooanon 1 {uppex]
e

LUUCUOHOH O = {lower]
|}> sEatisatitetd
HodooHOCOooooooEE-— (upper]
IJ 3o {lower]

u-metal shield

Scintilator

.

short slat  2°m

“Slat” (plastic scintillator)
— BICRON BC-404
— 2 types of slats. Long & short

— Each panel have 96 slats (long:64, short:32).
 Each slat have 2 read out PMT’s.
 PMT : Hamamatsu R3478S.

— Total 960 slats with 1920 read out PMT's.
— Easy maintenance of PMT and bleeder.
— Easy light shield using rubber tube & O-ring.
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Readout : TOF—-FEM

Front-End Module 1o-bit
-DlI
P — —> DISC | TVC/AMU Chip —| Apc [
- ' |
threshold
12-bit
> QVC/AMU Chip > Apc [

e Custom-made chips of TVC+AMU and QVC+AMU.

 From the bench test results of TOF FEE @ Nevis Lab.
— TVC
» Overall timing resolution < 25 ps.
* No dead region in the TVC active range. The dead region < 5 ns.
- QVC
» Pedestal width ~ 1.5 ch
 Programmable Analogue Memory Unit
— Programmable up to 4 u sec ~ 40 RHIC bunch crossing time.

* Clock is shared with BBC FEM which is transmitted by
differential ECL.
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Principle of Timing measurement

T, Xo)
A( 00 I | —x
T, = L —X T, =T, +
1 T Y
‘ Cartoon
I
n PMT2
| L ,
T,+T,)—L/v
ToF ={TitT2) -
9 T,, T, : Timing measured by PMT1,2
L : slat length
w T =T v : light velocity in scintillator
Y position =L 2y
2
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Timing (and charge) measurement
as an example

LHRER AR F

106 ns cycle
PMT .
(threshold) ————r==—————==—- e . e B e R —— s —
' ' | “‘Q5" —“Q,” gives
the integrated charge
‘VQZ Lng ‘VQ4 é é
VQVC
! i V3 = constant * TT:(3
DISC . E E
Vi, ‘VT3
| Hold N\/m
Vive E -

v/t ant ' Beg\in reset
. . = constan
Begin charging QVC : Charge-to-Voltage Converter

TVC : Time-to-Voltage Converter
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Raw Charge/Timing distribution
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QVC/TVC distribution
— Overlay for all channels
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Calibration

» TOF calibration
— 4 steps and 6 parameters.
— 0t step (online, “TSCAN”)
« FEM TVC conversion parameter [ps/ch] ( PMT by PMT )
— 15t step (offline)

» Energy loss conversion parameter [GeV/ch] ( slat by slat )
» Global timing offset [ns] (1)
— 2" step
» Timing offset [ns] ( slat by slat )
Y position offset [cm] ( slat by slat )
 Light velocity in scintillator [cm/ns] ( slat by slat)

— 3 step

» Slewing parameter [ns] ( PMT by PMT )
— 4t step

* Run by run timing offset [ns]
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Oth step
FEM TVC calibration “TSCAN”

E4auu_ I I T T I T T T T T T T T J_ E‘ 2_2 :l- T T I T T T T I T T T T T T T T I T T T T '—_
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0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Test Pulse steps Test Pulse steps

slow « » fast

« Everyday calibration data with test pulse (TSCAN)
— Channel to picosec converter.
— 1 TP stepis ~ 3.3 ns.
— TVC conversion parameter ~ 28 [ps/ch]
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15t step
Energy loss conversion parameter

Before Correction
' ' LA R

e Channelto
GeV converter.

* Fitting by
Landau
function.

« MIP ~ 3 MeV.
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15t step

Global timing offset

Global timing offset OFF
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» Global timing offset

For adjustment of mass?
centroid.

~ 20 ns.
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Slat by slat Timing offset

Before Correction « Timing offset is
EdﬁilllllHHEI'IHil_:-llll,!HH:IHlIllllllllllHHHI: 500 givenby
= s0F _ r S | : _ZI difference
5 F L - between
L 35 | 3 ™% measured TOF
= F 1 and pion flight
Lé 3"; I a0  time (TOF(exp.)).

25 | — Pion flight time

! ~20ns @ p ~ 0.2
200+ 4/ —200 GeV/c

= . ~17ns@p~2.0
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Y position offset
& Light velocity in scintillator

Before Correction

? 10 _| I T | | , T | | | L | ' TTT I T T I_ 160 ® Timing difference
S gF | 3 between lower and
§ n I 140 upper PMT.
g 6 — Ni— — Local y hit
s ,h b3 —120 position.
T 44 fh 1 t " .
o [ e « Fitting function
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TOF - TOF(exp.) [ns]

3'd step
Slewing parameter

Before Correction

« Slewing

correction
— Fitting function
F = a + b/sqgrt(x)

* Need large
statistics if
slewing
correction is
performed PMT
by PMT.

10 — Additional gain

calibration
— Fitting for sum

T Y U T A B BT of all upper
Charge [a.u.] and lower PMT.
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4 step
Run by run timing offset

Ent (18<p<19GeWc)

28000 29000 30000 31000

32000 33000 34000

Run Number

; 4000 — . Constant = 3990 + 39.97
,n (1.8< p< i SGeWc) g _ L After Burning Mean = 0.00788 + 0.001092
N 3500~ 1.8 < p < 1.9 [GeVI/c] _Sigma =0.1322 +0.0009169
= ~ (positive)
B 3000
E_ ................................... + 40 pS 2500 s
f_ .......................................................................... 2000 —
= l 1500 —
? ................ TOF ......... TOFexp ............................................................... 1000 j
ZHUUU I 29000 30000 31000 32000 ‘ 33000 I 34000 500 —
Run Number L J
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-
PHEENIX

Run2 Au + Au :
— Selected high

momentum ©+ (1.8 <p

<1.9GeVic)

[ TOF ture - flightT vs. mom |

pos18
Nent = 185

PHENIX Focus
TOF group

1 2 3 a4
TOF - TOF (exp) [ns]

20




Hadron identification

PHENIX High Resolution TOF
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* Pion, Kaon, Proton and deuteron are clearly identified !
— Overall ~ 120 ps (overall, in mass?) time resolution is achieved.
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Physics Results

Single particle p-
spectra

— Central
* Low p; slopes

increase with mass.

* Proton and anti-
proton yield ~ pion
yiled @ high p-.
— Peripheral
« Mass dependence

is less pronounced.

« Similar to p + p.

o <l
PHEENIX

PHENIX: PRC accepted, nucl-ex/0307022
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Physics Results

PHENIX: PRL 91, 172301 (2003), nucl-ex/0307022

o 25 [ | | I [ I
&) - .
Central-to-Peripheral & | | o (p+p)/2 Yield®'™? /N2 -
ratio (Rgp) vs py 2f |on Vield® ¥ | N2 ]
— Proton } i
* No suppression, 151 N
Ncoll scaling @ 1.5 ! CIT 8 N, scalifig -
— 4.5 GeVic. W X TLLAM W Bt
i STV |
— To i .0'. i
« Suppression 0.5 'F,c'g, ¢ 5 o N, scaling-
» central > peripheral 3 B I
- ';'_
by ]
0 1 2 3 4 5 6 7
p; (GeVic)
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Phy3|cs Resullts

—  Min. Bias :
0.35  © PHENIX 7+ PHENIX K* APHENIX p - PHENIX d+d |
~ O PHENIX 7 PHENIX K 2 PHENIX B N
0.3 e PHENIX n° STAR K+ STAR A+A —
|
0.25- | Difference betweeﬂ
= 1 meson and baryon,
0.2 N yon
0.15 MM *
o N T !
0.1 — ¢ 5 ! ®
C ° =
0.05 ‘ ‘ Hydrodynamical picture can
}' & l describe mass dependence of v,.
07 —\[L | }\ | | | | | | | | | | |
o 1 2 3 4 5 6 7 8 9
p; [GeV/c]

I
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V2/ nnucleo

IIIIIIIII

Blas

~ Min. Bias 200 GeV Au+Au Mln
0.25 *PHENIX'p 3 iclex/0305013
" PHENIX p
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\ 1
- 'y
0.1 A
| ’
ol
0.05 .
_ a
| i
0 |
_0-05.|||‘\\||\\||\ll‘\\l.\\ll‘\..\‘ll
0 0.5 1 1.5 2 25 3 3.5 4

pT/ I«|nucleon [GeV/ C]

 Elliptic Flow of identified hadrons (n/K/p/d)
— py <2 GeV/c : Hydrodynamical picture
— pr > 2 GeV/c : quark/hadron coalescence ?

-
PHEENIX
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Physics Results

%
#+v—Real

Combinatorial Background

1 1.05 1.1 1.15 1§2
M, [GeVic’]

¥E I nof 54.83/ 37

constant 3610 £2722
mass 1.019 + 0.0001455
widih 0.00424 +0.0004451

L { +

1 BT 1.1 ERER ' 1.;2
M, [GeV/c’]

¢ meson measurement in
K*K- decay.

Invariant mass spectra

— N =5660 +/- 240

—~ S/B=1/85

Transverse mass spectra

— The Temperature is
constant as a function of
centrality.

Elliptic Flow
— Hydro. ? coalescence ?
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PHENIX High-p; upgrade

/ORI 4
LR Y
L a\ﬁ\ v

Aerogel : (n=1.010, threshold= 10 % of max N, . )
Q/?/c. TOF : 100 ps time resolution

RICH : CO,, (n = 1.00041)

Momentum
[GeVic]

!

a|bue [eyinwize

T

TOF
North-West Aerogel Counter
) A | (+ TOF or RICH
In PISA (by S. Takagi) erogel ( of )

gy~ =3 BN RICH
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Summary

 The PHENIX Time-of-Flight (TOF) is designed for
Hadron measurement and operated for the PID.
— n/K separation up to ~ 2 GeV/c.
— K/p separation up to ~ 4 GeV/c.
— Timing resolution is ~ 120 ps in Run2 Au + Au.

« TOF calibration is done in 4 steps and 6 parameters.

« TOF gives important physics measurements

— EX.
* Single particle p; spectra, R,
 Elliptic Flow of identified hadrons
* ¢ meson measurement
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Those who have contributed to the TOF detecto
And, of course, much more people are relatee
the past/coming successful constructionfeperation of it.

T.Kawagishi, M. Oka, M.Narisawa _
S.Kaminaga, M.Shimomura, M-Konno, S.Sakai, A.Danmura, H.Masui,
S.Kato, S.Esumi, Y (Univ. of Tsukuba, *pc-member)

Y.Kuroki, M.Ono, H.Tsuruoka, M.Aizawa, T.Hirano, K.Koseki, M. Suzuki,
S.Urasawa, T.Shimada, H.Hayashi, R.Higuchi, Y.Miyamoto, Y.Yokota,
D.Miura, T.Ishibashi, A.Kiyomichi, K.Enosawa, M.Nishimura, H.Sako,
S.Nishimura, K.Kurita, K.Yagi (was in Univ. of Tsukuba (D)

T.Chujo (BNL ), S.Sato (JSPS/BNL (D)
M.Inaba (Tsukuba College of Technology (D)
D.Lim, J.Kang (Yonsei Univ.)

M.Chiu, C.Y.Chi (Columbia Univ. NEVIS)

M. Kaneta (KEK/Now @RBRC)

Nagata, T.Shoujou, S.Takagi,

Lots of persons for the essential works in the past,
and much more persons in the future.
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Back up

From Susumu’s nice presentation in
TOF Focus seminar last year
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Infrastructure of TOF to Avoid a Fire.

~ Plastic Scintillators are Flammable. ~

(111) 80 temperature sensors

(8 for each of 10 panels) @

- If any T > 35 deg C, Adam monitor is Red.

Z

(Il) 4 smoke sensors
(two for EO + two for E1)
- If 1of four, SMCS Alarm

+

-Ifany T > 35 deg C, SMCS Alarm . \; %\ - If 2 of each two, E-arm power off +
-Note: ~1W/PMT x 1920 PMTs . Suppression Gas (N,+Ar+CO.,))
TOF-scintillators are in the L S S~ IR
enclosed envelop (for cooling | \®®®\:\ %%\
air not to leak), although they A S \\\:@@\\: ~® T~ E
are located very next to ~2000W 4 \®@3®?\:\ N P \:\\:7_.11;
(~1W/PMT*1920PMTs) \\: : \\:\\\ \\.ht’ ~a 8
FYI: Bl S : B~ =™~ S =
. ower peC Explosion proof \®® \\\\\:';i\\‘ {®)
(American National Electrical Code (NEC) Class 1, Group - \ ®®\ =~ \\ <
D) [Motor, Dayton 7F980; 0.75 HP, and - ~ - - \ ~ v* ~< 9 ]
Blower: Dayton 3C494; 13 and 11/16 inches diameter) - ~ < - ~ - ~< -~ f—
(Il) 2 Cooling air blowers S~ T~ F.T» O
(for EO + for E1) \\\\\:\\f\\;‘ OO
- If smoke, the air stops. ~_~<_ VAR
And suppression Gas (N,+Ar+CO,) ~_ T~_ *\ ~a 3 I°77
by its compressed pressure. ...::::;;:;;::::::.Q.W.?gb lower T~ >~ : ;Q
~ < ~
m > ’
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PMT & HV Dbleeder

Physical Parameter Value K A _
Spectral Response 300 to 650 nm _< G____ Slle
D1 D2 D3 D4 D5 D6 D7 D8
Wavelength of Max. Response 420 nm
Current Amplification ~3.9x 108
—Jr*hv——‘u’\r‘v——-‘vtli
Number of Dynodes 8 stages H1 R2 R3 R4 RS R6|R7|RB |RI
. . | |1 |
Anode Pulse Rise Time 1.3ns I !G C1 C? 3
Electron Transit Time 14 ns I
Transit Time Spread (TTS) in 0.36 ns -HV
FWHM . .
— — P Schematic diagram of dynodes and bleeder for
High Voltage between Anode an 1 DCV
Cathode R347_8$'
- Resisters are shown as R (R1=1.65 MQ, 1/2 W;
Average Anode Current oL mA R2, R4 ~ R9 = 240 kQ 1/4 W; R3 = 360 kQ).
Ambient Temperature -80to + 50 °C - Capacitances are C (C1 ~ C3 = 0.01 uF, 200W).
Anode Dark Current 30 nA (typical) -Dynodes are shown as D1 ~ D8’
(After 30 min. Storage in Darkness) the cathode are K, the anode are A.
-The high voltage is supplied at -VH (negative, -
Photo Cathode Material Bialkali 1800\/) with ground (G) by PVC Jacketed #8411

. ) — coaxial cable of BELDEN.
Photo Cathode Min. Effective Area 15 mm in diameter “The signal output is shown SIG with ground (G)
by RG58 coaxial cable of FUJIKURA.
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Timing Res. (ps)

PMT Intrinsic resolution

R3478S with Laser

1000 ey,
100 | |
o [}
o
o=390-n-"
10 fon PgRp PSocendl  n EIRGEES
1 10 100 1000
p.e.#

’Y_\ PHENIX Focus
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Timing resolution
decreases with larger
p.e.#.

Resolution < 100ps,
for >10 p.e.
Statistical behavior:

At larger p.e.#, other
mechanism.

ot oc]/ MNpe.
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Timing resolution & Light vield

Light attenuation vs. Timing degradation

Light attenuation length vs. Timing degradation

Bulk 1.5 cm sq. scintillator (BC404)

C

length

ross section

5] © INtuitive explanation

| SELEN S0 I B ORI S [ [ Bt |

1000 R B SR ] w
L E li
Timing resolution (ps) 18
%_/_,QD y 2
o} ~]
1€
5 V‘o//g/{’y :
1000 F exp( x/ 154 cm 3
o:t-imr": ]
[ a}
&
Pulse Height .;
1000 | . '§
2 1F
exp(-x/ 86 cm ]| §
13
1.000 PR [N R Y TRNNY TN AN T TRNNY TN TN AN VNN TN TN T NN TNNNY TN ST S Y T T 1
0 50 100 150 200 250 300

Distance from PMT

—~

PHEENIX

— Light yield (oc n, ) = e¥*.
— Timing resolution oc n, "2 = %,
> A =2*)

timing yield

« Light yield decreases
exponentially.

« Timing resolution degrades
exponentially too.

Atiming = 2 Ayield
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Light Yield

Aging effect

Pulse height Timing resolution
T 200IIII]llllllllllllllllllllllll
. E802 Time of Flight ’g AT:exMﬂE)'
- g ID_G~200 month
= @ 1 & ' *
= % 1 2 .
2 | ’
= \ 2 100 .
pe 1 0
E -ﬁ_‘. d " i
= 1.2
£
7 R BE —: ;
...l...l...l...],- 50llllllIllllllllllllllllllllll
0 20 :f(’)mh 60 80 10 20 30 40 50 60 70
Time (month)
- Exponential decrease -Exponential degradation
- Life time of 8 years -Lifetime of ~17 years

4

Optical property

1

Normalized i f
Light Yield |
Vi g
08 LA SAMPLE
0.6+ :
NN )
o\
04 ’ \
\ \
MRS\
| N
/1 b B
/ N
b \\ :‘-‘
3%0 400 450 500 S

50
m)

—
=

-Change in emission spectrum
-More damage in the region
closer to the surface
- Oxidization ?

Consistent with statistical picture.
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